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(54) Improvement In or relating to 
diving suits . 

(67) An Insulating material suitable for 
use In o diver's garment comprises a 
multiplicity of layers of a flexible, 
stretchable material including a central 
core 12 consisting of a gas permeable, 
layer of a materia! that Is substantially 
non-cornpressJble when at lesst partial- 
ly evacuated and subject to hydrostatic 
pressure when immersed In water and 
comprising a multiplicity of laminae 14 
of a knitted fabric. Two further and gas 



Impermeable layers 18, 20 of rubber, 
optionally in the form of a closed ceil 
foam are provided, each of these furth- 
er two layers being of a stretchable 
material with the central core being 
disposed Intermediate to said layers. 
When formed into a diver's garment, 
the peripheral edges of the Insulating 
material are sealed, and sealable clo- 
sure means 22 e.g. a valve and stem 
arrangement are provided In at least 
onB of the gas impermeable layers to 
communicate with the central core. 
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SPECIFICATION 

Improvements In or relating to diving suit* 

5 This invention relates to Insulation materials gener- 
ally. More particularly the Invention relates to insula- 
tion materials and an Insulating garment or gar- 
ment-like apparatus suitable for wear by a diver In a 
cold water environment 

10 

Background of tho Invention 
A human diver in a cold water environment is 
subject to a consldarable heat loss or drain. So great 
19 this heat drain that, In the absence of adequate 

15 thermal protection. I.e. insulation/ his body becomes 
hypothermic. This means that the body tempera- 
tures decrease, not only externally or perpherefly, 
but also internally, as manifested in the Inner core 
temperature. A human's body core temperature 

20 must be maintained at about 37°C for comfort and 
safety. 

Water temperatures in most parts of the world are 
normally substantially less than this required human 
body core temperature, indeed, water temperatures 

25 in the oceans, lakes and rivers of the temperate 
zones of the world are frequently in the range from 
0°C to say +1 5°C. Water has a high specific heat and 
thermal conductivity compared to air, the normal 
environment for humans. A human body in water, 

30 therefore; will be subjectto considerable convective 
thermal stress due to heat loss driven by the 
temperature differential between the body and the 
surrounding water. 
Thus, whether a human being Is In water for 

35 recreation, by virtue of an accident, or working as In 
the case of divers, the body is subject to the 
convective thermal stress mentioned above. Regard- 
less of the circumstances, it is very important to 
maintain the body's core temperature at about 37*C. 

40 A drop of core temperature of IPC, resulting from a 
heat loss of about 150 kilocalories, can cause mental 
deficiencies detremental to the safety of thB person. 
A total body heat loss of about 700 kilocalories with a 
further drop in the core temperature of 5°C to about 

45 30°C usually will result In unconsciousness and heart 
failure. 

The actual time taken to undergo a 2°C or 7*C drop 
In body core temperature will vary. The variation can 
be from only severe I minutes to up to about an hour, 

50 for an unprotected body in extremely cold water. In 
any event the human body is incapable of defending 
Itself against the rate of heat loss in such water. 

Thus ft ia essential to provide fore diver or other 
person in cold water adequate thermal protection 

55 during the time such a person Is undergoing sub- 
stantial convective heat loss. 

Summary of the Prior Art 
Two types of thermal protective systems are 
60 frequent l y used to protect dfyj 



These are by means of passive Insulation, or by 
dynamic protection. 

Passive insulation consists of special clothing or 
fabrics which reduce the amount of heat lost by the 
65 diver. Such clothing is designated as "wet" insula- 



- Hon if water from the- environ ment is a bic to move 
Into or underneath it, such that the diver's skin Is 
wet An example of this clothing Is the foam 
neoprene wet suit commonly used by shsltow-water 
70 divBrs. Another designation of this clothing type is 
that of "dry" passive insulation which is so con- 
structed that the diver's skin is kept dry by having the 
outer shell of the clothing made of a water- 
Impremeable material under which various amounts 
75 of dry Insulation can be worn. An example of this 
clothing is the "Umsuit" made of foam neoprene 
which Is water Impermeable and which is customari- 
ly used by deep-water divers. 
Dynamic protection consists of a means whereby 
80 heat Is conveyed to or produced on the surface of the 
diver's body. Several varieties of this system have 
been moderately successful. The Dick Long suit is a 
loose-fitting clothing shell through which hot water 
usually from a surfacemounted generator Is allowed 
65 to flow, heating the diver. Other varieties include 
electrical resistive heating on the drverfrom a 
carried or externally-placed electrical supply as wall 
as closed-circuit hot water insulation schemes within 
the structure of clothing as In certain models of the 
90 "Plel" suits. 

However, there are for example, the following 
limitations or drawbacks to these present day pro- 
tective systems. Passive systems do not provide 
sufficient warmth for more than one or two hours of 
95 cold water diving after which diver hypothermia 
steadily progresses. Wet suits provide protection 
only in shallow water. The dry suits are goodto onry- 
moderately deeper depths ff they are made from 
closed-cell neoprene. This Is because the compress- 
100 ion of the gas bubble inside of the closed cells and 
the resulting reduction In thickness of the neoprene 
reduce the insulating capability of the material as the 
depth of hydrostatic pressure Increases. The thick- 
ness of a foam neoprene slab is reduced, for 
105 example, by 50% at a depth of 100 ft Use of highly 
conductive breathing gases such as oxyhelium 
causes a further reduction in diver thermal insula- 
tion. 

Certain diving suits are made with an elastomer 
110 matrix In which glass microspheres ormfcrobal- 
ioons (hollow glass spheres) have been embedded 
in order to decrease thp overall compressibility and 
conductivity of the material while retaining its 
flexibility. However, these diving suits afford only 
115 limited protection at great depths because of a back 
diffusion of air Into the microballoons which tends to 
increase the overall conductivity of the material with 
time end pressure. 
Dynamic systems do provide sufficient warmth for 
120 diver comfort and protection but at great expense 
and only when the diver can be safely supported by 
an umbilical cord from a surface-support ship or 
diving bell. Dynamic systems are not cost-effective. 
Heretofore, attempts have been mode at providing 

_125JmprovjBdJth^ 

One such Improvement Is described In Canadian 
Patent Nos, 861 ,470 and 880,867 which ware Jointly 
Issued on January 19, 1971 and September 14; 1971, 
respectively, to Gulf Oil Canada Ltd. and Chemical 
130 Projects Ltd. In essence, however, the arrangements 
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described In those two patents teach thermal protec- 
tion for a container or pipe. The present Invention 
introduces Improvements required for the protection 
of a highly mobile diver In a liquid environment La., 
5 cold water. 

Summary of the Invention 
The present invention is believed to advance 
{greatly the art of thermal protection for divers or 

1 0 other persons In cold water. Accordingly, it Is an 
object of ana aspect of this Invention to provide a 
heat insulating apparatus that is flexible, relatively 
light In weight, and durablB. 
Another object of a preferred form of this Inven- 

15 tion Is to provide a garment-like heat insulating 
apparatus that is comfortable to wear, and is rela- 
tively easy to put on and take off. Thus, the present 
invention provides Improved thermal protection for 
a person In cold water, and numerous advantages 

20 not obtainable with prior art systems/materials. 

Accordingly, there Is provided by this invention an 
Insulating material suitable for usb In diving suits 
and the like, comprising a multiplicity of layers of a 
flexible, stretch able materia], said layers Including a 

25 central core consisting of a gas permeable layer of a 
material that is substantially non-com presslble 
when at least partially evacuated and subject to 
hydrostatic pressure when immersed in water; said 
layers further Including two other layers imperme- 

30 able to gaseous fluids, each of said two other layers 
being of a stretch able material, the central core 
being disposed intermediate sard two other layers. 
The gas permeable core may be impregnated with 
particulate matter, and preferably, is of multiple 

35 components, I.e., a multfcomponent layer. 

One of the preferred embodiments of this inven- 
tion provides a diver's garment suitable for wear by 
a diver in a cold submarine environment; said 
garment having arm and leg sections, and a body 

40 section, said sections being joined together and 
provided with at least one fastening means to enable 
the garment to be put on and taken off; each section 
of said garment comprising a multiplicity of layers of 
a flexible, stretchable material, and including a 

45 central core consisting of a gas permeable layer of a 
material that is substantially incompressible when at 
least partially evacuated and subject to a hydrostatic 
pressure In said submarine environment, said layers 
further Including two other layers each impermeable 

50 to gaseous fluids and being positioned on opposite 
sides of the central core, there further being pro- 
vided sealable closure means In one of the gas 
Impermeable layers, thereby to enable the central 
core, selectively, to be placed under asub- 

55 atmospheric or superatmospheric pressure. 

Another preferred embodiment of this Invention 
provides a two-piece diver's garment suitable for 
wear by a diver in a cold submarine environment; 
said garment having an upper section consisting of a 

. 60 pullover type jacket complete with hood, sleeves and 

gloves and extending to balowthe waist and of a 

lower section consisting of pullover type trousers 
complete with feet cover and extending to the arm 
pits; each section of said garment comprising a 

65 multiplicity of layers of a f lexibie, stretchable mate- 



rial, and including a central core consisting of a gee 
permeable multicomponent layer of a material that 
is substantially Incompressible when at least partial- 
ly evacuated and subject to a hydrostatic pressure in 

70 said submarine environment, said layers further 
including two other layers each Impermeable to 
gaseous fluids and being positioned on opposite 
sides of the central core, there further being pro- 
vided sealable closure means in one of the gas 

75 Impermeable layers, thereby to enable the central 
core, selectively, to be placed under a sub- 
atmospheric or superatmospheric pressure. The 
separate sections of the diving garment may be 
Joined together, If preferred, by a removable gas and 

80 fluid imp arm sable adhesive strip or belt made of an 
eiastomeric materiel Impregnated with e pressure 
sensitive adhesive on the inner side. 

These and other ospocts of this Invention will be 
described In more detail below. That description Is to 

85 be read In conjunction with the accompanying 
drawings in which: 

Brief Description of the Drawings 
Figure Ms a schematic view of a one-piece diver's 
90 suit em bodying this invention; 

Figure 2 is also a schematic view of a two-piece 
diver's suit embodying this invention; 

Figure 3 is an elevation view taken In cross-section 
of thermal insulating material embodying this Inven- 
95 tion, said view being on a greatly exaggerated scale; 
and 

Figure 4 is a schematic view showing seme detail 
of one aspect of the invention Illustrated in Figure 3. 

100 Description of the Preferred Embodiment 
A greatly enlarged segment of an insulating 
material 10 is shown In cross-section in Figure 3. 
This insulating material 10 comprises a multiplicity 
of layers of a flexible material, stretchable in two 

105 directions. A central core 12 consists of a fabric 

stretchable I n two directions. This core 12 includes a 
great many lamina 14 of a knitted fabric. Super- 
imposing the lamina 14 creates a mat-like structure 
having many open pockets or cells therein. Each of 

1 10 such pockets or celts Is tiny in size, and tends to 
provide a finite, but limited amount of communica- 
tion from one cell to another. This communication Is 
for a gaseous fluid such as afr. However,duetothe 
existence of the discrete, individual cells, any ten- 

1 1 G dency to establish convectlve flow cu rrents within 
the core 1 2 is minimized. This tendency to establish 
convectlve currents can be further impeded by the 
introduction of optical particulate matter 15 Inside 
one or more lamina 14 of the core. When the 

120 dimensions of the open cells, i.e., the free distances 
between the points of contact of the lamina or of the 
optional particulate matter 15, are of the same order 
of magnitude as the length of the molecular free 
path of the interstitial gas at the given pressure and 

1 25 temperature, the conductivity of the core will be 
smaller than the conductivity of the Interstitial gas. 
This feature is one of rendering the core 12 gas 
permeable and evacuable while still retaining effec- 
tiveness as an Insulating barrier. This effectiveness 

130 as an insulating barrier has been demonstrated with 
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as few lamina as five (5). Furthermore, the basic 
flexibility needed for use in a diver's garment or 
apparatus has been maintained wfth as many lamina 
as forty (40). Thus a range in the number of lamina 
5 14 from 6 to 40 has been found to be useful. 

"The core 12 is preferably made of a multiplicity of 
lamina, each consisting of a knitted fabric or a 
naturat or synthetic yarn. Knitted fabric in the form of 
hosiery material, made of, for example, nylon or 

10 perlon, has been found to be quite suitable. 

Alternative or additional materials for use In the 
lamina 14 of the gas permeable core 12 are particu- 
late matter (e.g. natural or synthetic, preferably 
non-hygroscopic), extended surface powders (e.g. 

1 5 carbon, "Teflon" (a trademark for a polytetr- 
fluoroethylene of the DuPont Company) 
potyethelene, polypropylene, wool), or mat or quilt- 
like masses of natural fibers of long or short 
dimensions such as wool or cotton, or synthetic 

20 fibers {e-g. nylon, perlon). Athln r forexample, 0.002" 
thick, adhesive coating may be used to bond or 
connect one lamina 1 4 to another at one or more ' 
points* In certain instances entire faces of the lamina 
14 may be coated with an adhesive, or the adhesive 

25 can be applied In lines, etc. on the face of the lamina. 
The tape or film 16 is commonly of "MYLAR" 
(tradename), or polyethylene. This film or tape 16 
(sea Figure 4) can be metalized as well, if desired, to 
act as a reflector for Infrared heat energy radiated by 

30 a diver's body. The metalized face would normally 
be on the surface toward the diver's body, i.e. on the 
side where the highest temperature occurs. 

On opposite sides or faces of the central core 1 2 
there are provided first and second layers 18 and 20 

35 respectively of gas and water Impermeable films or 
closed-cell foams. The layers 18 and 20 normally are 
of a material auch as neoprene rubber (commonly 
used in the past In diver's suits In the form of a 
closed-cell foam), butyl rubber, nitryl rubber, hypa- 

40. ion or natural rubber. 

In accordance wfth one aspect of this invention, at 
least one of the gas Impermeable layers 18 or 20 Is 
provided with a scalable closure 22. Closure 22 is 
conveniently In the form of a valve and stem 

45 combination that is operable so as to enable, 
selectively, placing the central core 12 under a 
suparatmospherlc or sub-atmospheric pressure. To 
prevent leakage of air into the core 1 2, thB closure 22 
will have a brasfng spring or the Ilka, operative to 

50 seal the valve positively. The arrangement shown at 
22 in the drawing illustrates this schematically. 

It Is to be appreciated that to assist in the inflation 
or deflation of various sections of the diver's gar- 
ment, several sealable closures 22 can be provided. 

55 At least one will be provided in each section sealed 
off from other sections of the diver's garment or 
apparatus. The required degree of inflation or defla- 
tion can be accomplished by a hand operated 
vacuum-pressure pump attached to the diving gar- 

-60-^entorJ^^n^xternal43Ower^peratedpump.-____ _ 
In accordance with another feature of the prefer- 
red embodiment of this invention, an outer and an 
inner layer 24 and 26 are provided. These two layers 
24 and 26 are conveniently made of a knitted nylon 

6S fabric, stretchable In two directions. The outer layer 



24, being outer in a sense relative to the side on 
which the diver's skin is found, functions to protect 
the gas impermeable layer 18 from cuts end scratch- 
es. Thus, greater durability is provided to the diver's 

70 garment without sacrificing flexibility. On the other 
hand, the layer 26 being tha layer adjacent or closest 
to the diver's skin, l.a body, may be conveniently 
made of a knitted fabric consisting of a nylon, cotton 
or wool fiber, sublayers or of a nylon, cotton or wool 

75 fiber blend. This layer 26 serves primarily to absorb 
perspiration from the diver's body In the case of a 
so-called "dry suit" where wrists, ankles and neck 
openings seal with the skin of the diver or in the case 
of a two-piece "dry suit". It also permits easy 

80 donning and doffing of the garment in the case of a 
"wet suit" this layer 26 wou Id function to minimize 
the extent of convective heat loss to water moving 
around between the diver's skin and his diving suit 
Additional optional means of absorbing perspiration 

85 may be provided. The preferred absorption means 
consists of finely divided absorbent material, such as 
granular silica gel, encased in gas permeable bags or 
cartridges strategically placed inside of the diving 
suit 

80 In the segment of insulating material embodied by 
the present invention, the central core 1 2 Is in the 
order 1/8 to % Inch, preferably 1/8 to 3/8 Inch thick. 
Each of the adjoining layers 18 and 20 Is normally 
less thick than the primary Insulating layer {central 

95 core 1 2), being in the range from about 0.02 Inch to 
about 0.06 Inch thick. The outermost protective 
layers 24 and 26 are commonly 0.01 0 - 0.0625 inch 
thick. 

The above thicknesses can be varied somewhat, 
100 depending largely on the temperatures of the marine 
environment in which a suit of this material la to be 
used. By using a composite of layers or lamina of 
different materials, the function of each can be 
optimized more readily. Thus, considerable flexibil- 
105 Ity is retained in a diver's garment or diving appar- 
atus. 

One specific embodiment of this invention in- 
volved construction of a diver's garment or appar- 
atus to be worn by the diver. Such a garment 

110 consisted of a body section to which there was 
Integrally Joined two arm sections and two leg 
sections. The body-section had a zipper which 
preferably closed and sealed the garment when It 
was put on. Also, the garment was in the form of a 

115 so-called "dry suit". The insulating material which 
embodies this invention, was in this instance of a 
sandwich construction comprising a central core of 
40 lamina or layers of a two-way stretch nylon knit, 
on the face of each lamina there being lines of an 

1 20 adhesive for joining the layers together* The core 
material was in the range of approximately 0.25 to 
0.40 Inch thick. To the outermost lamina of the 
central core there is adhesively secured. a 1/1 6 inch 
layer of a closed cel l neoprena rubber foam. (Subse- 

125_quently,ii)utyl rubber_sheetJnaterJalJxiulcLbe 

added to provide the exterior wear resistant layer.) 
Further, in this particular instance, an innermost 
layer of a natural fiber, a cotton twill, was used. A 
suitable valve and valve stem combination was also 

130 provided, in the layers of neoprene foam and butyl 
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rubber, to enable the central core to be connected 
selectively to a source of sub-atmospheric or super- 
atmospheric pressure. 
It has been found convenient to Inflate the central 
5 core slightly, when putting the diver's garment or 
apparatus on. Subsequent to donning, the central 
core is evacuated and placed under a slight vacuum. 
This vacuum tends to remain for several hours, 
normally beyond the duration of the dfve made 

10 when wearing this garment. The overall thickness of 
the insulating material before evacuation Is prefer- 
ably In the order of 1 .00 Inch for this version 
containing 40 lamina of a knitted hosiery material in 
the central core. Upon partial evacuation, this thick- 

15 ness is reduced to about 0.40 inches. Such an 
arrangement provides improved insulating prop- 
erties, but retains the stretch and flexibility needed 
by a diverto perform work in a submarine environ- 
ment. 

20 The present disclosure describes two preferred 
embodiments of this invention. Some modifications 
and changes have also been suggested. It is in- 
tended to cover all such changes apparent to those 
skilled in this art, and en com passed by the claims 

25 below. 

CLAIMS 

1 . An Insulating material suitable for use in 

30 diving suits and the like, comprising a multiplicity of 
layers of a flexible, stretchable material, said layers 
including a central core consisting of a gas perme- 
able layer of a material that is substantially non- 
compress able when at least partially evacuated and 

35 subject to hydro-static pressure when immersed In 
water; said layers further including two other layers 
impermeable to gaseous fluids, each of said two 
other layers being of e stretchable material, the 
central core being disposed intermediate said two 

40 other layers. 

2. An insulating material as claimed In Claim 1 in 
which the central core consists of a gas permeable 
rnutti component layer of material. 

3. An Insulating material as claimed in Claim 1 in 
45 which the gas permeable layer comprises a multi- 
plicity of lamina of a knitted fabric stretchable in two 
directions. 

4. An Insulating material as claimed in Claim 3 in 
which the knitted fabric is perl on or nylon synthetic 

50 yarn or of natural yarn such as wool. 

5. An insulating material as claimed in Claim 1,2, 
3 or 4 in which there is provided art inner layer and 
an outer layer on the side of each gas Impermeable 
layer opposite to the central core, said Inner and 
outer layers comprising a two-way stretchable fabric 
that is abrasion resistant 

6. An insulating material as claimed in any one of 
the preceding claims In which the gas impermeable 
layers comprise neoprene, nitryl, butyl, hypalon or 

60 natural rubber. 

7. A diver's garment or garment-like apparatus 
— — — oomprlsing-a-quantity of the Insulating materiel-of — 

any one of the preceding claims the quantity of 
insulating material being fashioned in the form of 
65 apparel suftable for wear by a diver, and having 



peripheral edges sealed, said apparatus also being 
provided with a scalable closure means, said closure 
means being mounted In one of the two gas 
Impermeable layers to communicate with said cen- 
70 tral core, whereby said central core can selectively 
be placed under super atmospheric or sub- 
atmospheric pressure. 

8. A diver's garment as claimed In Claim 7, the * 
garment having arm and leg sections and a body 

75 section, the sections being Joined together and 

provided with at least one fastening means to enable » 
the garments to be put on and taken off. 

9. A dryer's garment as claimed in Claim 7, the 
garmet having an upper section consisting of a 

80 pullover type jacket complete with hood, sleeves and 
gloves and stretching to below the waist and having 
a lower section consisting of pullover type trousers 
complete with feet covering and extending to the 
armpits. 

85 10. A diver's garment as claimed in Claim 7, 8 or 
9 in which the closure means comprises a pneuma- 
tically operable combination of a valve and valve 
stem, 

11. A diver's garment as claimed In Claim 9 in 

90 which the upper and lower sections of the diving 
garment are joined together by a removable gas and 
fluid impermeable adhesive strip or belt made of an * 
elastomeric material impregnated with a pressure > 
sensitive adhesive on the Inner side. 

95 12. A diver's garment as claimed In any one of 
preceding Clatms 7 to 1 1 in which the diving 
garment Ts evacuated by means of a hand operated 
pressure-vacuum pump attached to the garment. 
13. A diver's garment as claimed in any one of 
100 the preceding Claims 7 to 12 in which excess 

perspiration Is removed by finely divided absorbent 
material, such as silica gel, encased in gas and fluid 
permeable bags or cartridges strategically placed 
inside of the diving sufL 

105 14. An insulating material suitable for use in 
diving suits and the like substantially as herein 
before described with reference to Figures 3 and 4 of 
the accompanying drawing. 

1 5. A diver's garment substantially as herein. 

1 10 before described wfth reference to Figure 1 or 2 of 
the accompanying drawi ngs. 
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